Summary
A 7 year collection of calculi from short-and longterm studies with Sprague-Dawley rats showed that although the incidence of rats with urolithiasis was small (0.5%), the variety of sizes and composition of the calculi could be of general interest.
At one time the incidence of urolithiasis encountered in our Sprague-Dawley rats undergoing full examination post mortem was very small, 3 rats between 1965 and 1970. An article by Magnusson & Ramsay (1971) on urolithiasis in the Sprague-Dawley rat alerted us to possible hazards, for they had encountered a 25% incidence in an 18 month toxicity study, all the calculi being principally ammonium magnesium phosphate. These authors also commented on the sparse and partly contradictory information about calculi in the rat. This paper records the variety of calculi encountered in Sprague-Dawley rats over a 7 year period. Close, Houndmills, Basingstoke, Hampshire, RG21 2YE) using diacetyl monoxime.
Materials and methods
The rats described in this paper came from surplus stock and 7 toxicity studies where (with the exception of fertility studies) test and control groups contained equal numbers of each sex. At the end of the studies the surviving rats were killed, as were those rats whose condition necessitated their removal from a study. Full autopsies were performed on all rats including those which died during a study.
Results
There have been 4 distinct episodes of urolithiasis in our rats in the last 7 years: these rats are individually identified in chronological order in Tables 1 to 4. There were 6 cases of calculi in the kidney alone, 19 in the bladder, 5 in the kidney and bladder, I in the kidney, ureter and bladder, and 2 in the ureter and bladder.
The first occurrence in 1971 (Table I ) was in a group of about 100 rats bought in for a 6 month toxicity study. 4 male stock rats were killed at 14 weeks of age and found to have kidney or bladder calculi. Subsequently, at the end of the 6 month experimental period, 1 of the male test rats (case 5) was found to have a small bladder calculus. Of interest Although full necropsies were performed on about 2500 rats in the next 3 years, no more calculi were seen until 1975 (Table 2) . Case 6 was a 6 week old stock rat, case 7 was a single incident in a group of about 200 rats. Cases 8-10 were in a fertility study, while cases 11-18 were 2nd generation weanling rats killed when 22 days old. there was no direct relationship between any of these rats, other than that 14 and 15 were siblings. Fig. 1 shows the symmetry of the kidney calculus (resembling a 'Rice-Krispie' in appearance) and the larger bladder calculus found in case 10. Fig. 2 shows the calculi from case 18: minute calculi were found cemented together inside the calcium carbonate shell shown bottom right of the photograph.
In 1976, some 18 months after the start of a 2 year carcinogenicity study involving 500 Sprague-Dawley rats, we started to find rats with kidney, or bladder, or kidney and bladder calculi ( Table 3 ). The form was quite varied, round, oval, disc-like or irregular. The surfaces were smooth, faceted or similar to the kidney calculus shown in Fig. 1 . The weights indicate the sizes, from barely discernible to the 26 mm long, 15 mm diameter, 5 g bladder stone of case 24 (Fig. 3) , with its accompanying kidney calculi. The right kidney calculus was discoloured with blood pigments whereas the left kidney calculus was an untarnished white. The. single bladder calculus from case 24 contrasts with the 60 roughly spherical calculi of case 19 (Fig. 4) , and the 'granulated sugar' appearance of the calculi found in case 25. With a calculus incidence of 9 in 500 (I ·8%), the variety encountered must be quite remarkable. The closing episode (Table 4 ) comprised a miscellaneous collection from 3 studies involving 2000 rats. Case 28 was purchased as an adult rat from Charles River U.K. Ltd.
Discussion
The low incidence of urolithiasis in our Sprague-Dawley rats, 33 cases in approximately 6300 rats (0·5%) which underwent full autopsy in toxicology studies in 1971 to 1978, contrasts strongly with the 19 1111111111111111111111111111111111" experiences of Magnusson & Ramsay (1971), who reported a 25% incidence in a single study, and Berg (1967) , who reported on the frequent occurrence of renal calculi in his rat strain. There were no drug-linked occurrences; pus was found with a calculus in only I instance; enmeshment of calculi with protein plugs was restricted to a single group of rats in 1971; only 1 rat with a calculus (case 24) had crystalluria. The blood urea in these rats varied from 3·3 to 126·2 mmol/I, with a reference Paterson range of 3·3 to 6·6 mmol/I, but as ureas as high as 187·6 mmol/I have been recorded in our rats with glomerulonephrosis, these figures have no diagnostic value. If the cause was dietary or due to the hardness of the drinking water we feel that the incidence of urolithiasis would be higher and ever-present.
That stones should be found in rats 22 days-old seemed remarkable, as was their pure calcium carbonate composition. The ureteric calculi found in cases 6, 28 and 30 were the only occasions which demonstrated a link between the kidney calculi and the calculi in the bladder. It seems surprising that we found 19 cases of calculi in the bladder only, when other observers (Berg, 1967; Snell, 1967; Magnusson & Ramsay, 1971) only report kidney or urethral calculi. Equally surprising and unexplained is the sporadic nature of the finding of urolithiasis in our Sprague-Dawley rats. 
